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N producad a hemorrhagic discase similar to that of Bolivian hemorvhagic fever

. (BH) in bumans, ‘The discase in fnfoctod animals was also characterized by the

tf development of hypotension and disseminated intravascular coagulation (DIC),

y The laboratory findings of severe thrombovytopenia, prolongation of the acti-

i vated partial thromboplastin time (APTT), and increased concentrations of serum

i fibrin split products in six of the efght infected moukeys were used to make a .
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ABSTRACT

Experimental infection of rhesus monkeys (Macaca mulatta) with

Machupo virus produced a hemorrhagic discase similar to that of
Bolivian hemorrhagic fever (BHF) in humans. The disease In infected
animals was also characterized by the development of hypotension

and disscminated intravascular coagulation (DIC). The laboratory
findings of severe thrombocytopenia, prolongation of the activated
partial thromboplastin time (APTT), and increased concentrations of
serum fibrin split products in six of the eight infected monkeys were
used to wake a diagnosis of DIC. The prolongation of the APTT

was indicative of an abnormallty imn the intrinsic blood coagulatioun
system, and was interpruted as indivect cevidence of Hapeman

factor activation, which wae the prime mediator of the DIC and

hypotension observed,




Disseminated intravascular coagulation (DIC) 1s a clinical disorder
which has been diagnosed in a wide variety of disecases, including
those caused-by bacterial and viral infections [1-5]. Clinically,

PIC is expressed as a hemorrhagic diathesis resulting from the depletion
of eritical blood coagulation factors [3-5]. Other adverse effects

of DIC can result from the obstruction of the microcirculation by

the deposition of thrombi [6,7}. This can ‘cause locallzed ischemia
and neccrosis, or a generalized circulatory collapse {2,6,7). The

most common clinical characteristics of DIC in humans are prolongation
of the prothromhin time (PT), thrombocytopenia, and hypofibr:nogenemia
{4,5). The diagnosis is usually made on the basis of thesc three
abnovmalities, or, in the event of inconclusive results, with the

ald of additional tests such as activated pavtial thromboplastin

time (APTT) and seruw fibrin split products (F8P) [4,5].

There ava sceveral vepervts of this digorde., in bolh win and
animals, resulting from bactevial infections [1,4,8]. ‘The relationship
of viral infections to DIC, howaver, is not ag cleavly understood.

It hag been suggested that DIC may be involved in the poathogenesin of
viral hemovrhagle fevers such as Bolivian hemovihaple fevar (MIF), a
digeare causad by Machupo virus, a weeber of the avenavividee group
of virusen {3}, This diseane s chavacterised clinically by high
faver, sovere headache, myalgia, cutancous hyperesthesia, anovexia,
vomiting, diarrhea, epitantric pain, and bleeding tendencies {9-12].
Near the ond of the febrile phase, hypotunston botemes clinieally
noticeable and often leads to shock and death (9], During the
duvelopment of hypotension, budy tempisrature commonly decreases to

near normal values or aliphtly bulow {41,



Clinical laboratory determinaticns in reported cases are limited;
however, it is known that the 1illness is characterized by leukopenia,
thrombocytoﬁeniat proteinuria, and increascd packed ccll volume
during the febrile phasc [9-12]. Both CF and serum-neutralizing
antibodies to the virus can be detected from 25 to 30 days after illness
[9]. Consistent histopathologic lesions.in fatal human disease include
hepatic neccrosis, interstitial pneumonia, and congestion and hemorrhage
in various tissues {13].

Although many of the clinical and pathologic lesions of BHF in
humans indicate the prescnce of DIC, its pathogenic mechanism is not
clearly undevstood. ‘The rhesus wonkey (Macaca mulatta) has been
used as a wodel for experimental Machupo virus infection to study
both clinical signs and pathelogic lesions in BHF [14~16]), Many of the
findings in monkeys closely vescmble those that have heen reported in
humans severely ill with the disvase., It was the purpose of Lhis
study to determine the rele of intravascular coagulation in the
pathopenesie of BHF in M, mulatta experimentally infected with

‘Machupo virus, .

Materisly snd Meihods

Andmsle. Bighteen healthy, young, adult M. mulatia were used,
Honkeys were chonen without regard te sex, and vangod {n welpght from
2.5 = 5,0 kg They were vondonly divided {nto two proups. Group
conafated of aiy vivus-infected and three noninfected monkeys which
were used fov arterial blood pressure and heart vale weasuvements.
Group 2 wan compoged of cipht virw=infected and four neninfected

wonkeyn which wore used o blood coapulatfon studies, Croup 1
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noninfected controls were reused in group 2,

Anima.ls> used in the blood coagulation studies were housed in
galvanized steel cages within a biological containment facility,
previously described [17]. All of the monkeys were provided water and
standard monkey chow ad libitum.

Sterile intravenous and intraarterial catheters were surgically
implanted in the monkeys under FluothaneR (Ayerst Laboratories, New
York, N.Y.) anesthesia by the method of Wakeley et al. [18] with the
folloving modifications., Arterial blood pressure and leart rate were
determined using a 19-gauge firm polyethyleme catheter placed in the
left carotid avtery and divected into the dorsal aorta, A flexible
18-gauge Silastic catheter (Dow Corning Corp., Midland, Mich.) was
placed in the left external jugular vein and directed into the
inferjor vena cava for the purposce of obtaining venous blood sawmples,
Impedictely following surgery, mesthetized wonkeys were placed in
primate restvainiag chairs in the biological containment facllity.
Patency of the cathetevs was molutained by flushing with heparinized
'0.9% salive, :

Rectal temperatures were measuved at the same time cach doay.

A commercially availuble Hemocculcn kit (Swith, Rline Diagrostien,
Sunnyvale, Cal.) wan used to teat for oceult blood in the fecvy of each
monkey once daily.

ALl vives-infoctod monkeyn died and were neevepried.  Tinrues were
fixed in 102 newtral phosphate buftered formaling, cabedded 40 pavalfin,
gectioned, and antained with bematoxylin and contn for examination by
light wicveaeapy.

Physioloplenl mepmuremenin,  Artorial blood pressure aml heart




rate were recorded in chair-restrained monkeys by the method of
Forsyth et al. [19]. The carotid artery catheters were connected to
P23 Statham étrain gauge pressure transducers (Gould, Inc., Cleveland,
Ohio) with leads attached to a Model 200 Brush recorder (Gould, Inc.).
Recordings were made at the same time each day from each monkey for
approximately 5 min, Heart rate (bcats/min), diastolic and systolic
pressures (mm lig) were obtained dircetly from the recordings. Pulse
pressure was calculated by subtracting diastolic from systolic pressure.
Mean pressure (mm Hg) was calculated as one-third of the pulse pressure
plus diastolic pressure. Recordings were made on five consecutive
days to establish basc-line values,

llematolovic deteminations. A venous blood sample was obtained
from each wenkey on three alternate days during a five-day
pre-experimental periad to determine base-line values fov each
variable studied. Immediately after the finul base-line suiple was
obtained, the monlieys were inoculated ac with either 0.5 ml of 0,9%
saline or 0.3 ol of a suspension of the Carvalle strain of Muchupo
‘virus appropriately diluted to coutain l.x 103 pfu of vivus,

Postinoculation bluod samples were also obtained on allerante
days during the weel; no samples were obtajnad on weekonds, Blood
somples were obiained fov a period of three to four wecks, including
the pre-oxperimental base-line peviod, Venouz blood was decanted into
gtuvile plantlie tubes containing cfther EDTA, sodium eitvate, ov uo
additive. Blood specimens contafning sadium cftrate (one voluee 3,87
godium cftrate to afne volumes of whole blood) were used for P8P,
fibr fnopen, PY, and APFE determinat fone. These npeeimnn were

contvituped at 2,500 vpu for 20 pin, afver which the gupernatant




plasma was pipetted into separate plastic tubes. Fer FSP and
fibrinogen assays, 0.5 ml of plasma was added to 0.5 ml of a clotting
solution (pll 7,3) containing 25 mM CaClz, 308 mM NaCl, 100 mM
c-aminocaproic acid, and 25 mM Tris (Parke, Davis and Co., Detroit,
Mich.). The plasma and clotting solution mixture was incubated at
22 C for 60 win, with gentle digital shaking every 10 - 15 min to aid
in clot retraction, After incubation, the clot was compressed against
the side of the tube with a small laboratory spatula. The clotted
sawple was then centrifuged at 4,500 rpm for 20 wmin. The supernatant
serum was pipetted into a separate plastic tube and stoved at -70 ¢C
until assayed fcer FSP.  The clot remalning in the tube was stored at
=70 C until assayed for fibviunogen concentration, which was by an
automated Lowry technique [21) using an Auto Analyzer IIR system
(Tcelmijeon Instrument Corp., Tovvytoewn, NJY,).

Serum FS¥ weve measured by Laurell's methad of electrofmmuionssay
{20) with the following madifications., The {ibrinogen-related
antigm standards were dilutlons of poeled rhesus wonkey planwma
‘containtng 555 wr fibvinogsn/ml, Commercially availuble rabbit
ant fererum apaingt rhesus Fibrinoegen (Cappell Laborareries, lue.,
Dovnniugtown, Pa.) wos fecorporated into the agav gels

SjmplnaLiu“ (Geaera) Dlagnesties, Morvis Plaina, N.J.) wan used in
deteraintng PT oand Autowntod APTIR (General Diagnosticr) for determining
APET, ag vecowmewded by the manufaciurer,  Clot formation wan Clmed
(necondn) automat feally by the use of o fibromerer (Baltt o
Biotogical Laborarorics, Cockeyaville, Md.) in both ter o

Blood sawples wised with EDTA (0,02 wml EDIA o 1,0 mi swlwbe blowd)
wore uned Junediotely to det rmine thromboeyte counts aud pacbked cell

volunen,  Thromboeyten were countod $n o ltmseytometer after preparat fon




by the Unopett.cR method (Beeton, Dickinson and Co., Rutherford, N.J.).
Packed red blood cell volumes were determined as described previously
{15].

~Serum was used for sorbitol dehydrogenase (SDH), albumin,
electrolytes (Na+, K+), viremi4, and neutralizing antibody
determinations. Serum to be assayed for SDH or albumin was held at
4 C until testing, which was within 1 hr after sample collection. Serum
samples for the other variables mentioned were stored at =70 € until
used,

Serum SDH was measured spectrophotometrically by the wethod of
Veisner et al. [22) using a commercially available kit (Sigma Chemical
Corp,, St, louis, Mo.). Albumin was alse weasured spectrophotometyically
using a commerc inl kit (Amevican Monitor Corp., Indianapelis, ind,).
Electvolyte analyses were done by {luwe phatometry (Model #143,
Instvuncntation Laboratory, Lexioglten, Mawsl).

Vitug asaayn were pevioemed by the dirvect enumeratjon of vivue
plaque an Vore cvlls (a continuuus lee of Afvican preen monhey
kidney celle).  Asxays for uneutralizing aatikedy were brsed on the
higheat dilution of serum that fohibitad 80% o nere of the Nacoupo
vivua plagur s vzed,  The vivun, virvus saaey, and aentvalising autibaly

detevminations have adl been deseribed previcualy [15,231,

Slutintdeal o Oeoup nean values were compared by une of |

a "M test stotistie wvhere spprepriate,

Repnlin

Clinfeal afven, e elindeal nivan of discone fu the

vivutsfalectod makoyn clinely resenbled thove o experfoentadly
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infected rhesus monkeys previously describea by Kastello et al, [15]

and iucludcé:rlutYHrgy, decreased appetite {to complete anorexia),
dehydration, epistaxis, skin petechiae, and bleediag uﬁms. Occult
fecal blood was an infrequent finding, Although the illness was

inve clebly fatal dn infected wonkeys, it was more acute in the chair-
restrained than cage-confined onimals, with death occurring at an
average of 13 days postinoculation in the former and 21 days in the
latter,

Rectal tempcratures began to increase in the cheiv-vesirained
infected wonkeys on day 3 pestivoculation (figwre 1),  7The mean lovel
of fever exceeded 39,5 €, Tewperatuves begun to decrease after day
7, and veve less than 36 C in all infected moskeys for 12 - 24 hr
before death,

. Mean avterial bloed pressure was

Physitoloris urgbent

gimitar dn dufveled od noeninfegted chndr=restrained noukeys ontil
day & postineculation (figure 1), Suhsequent to day 6, mean blood

£ ] B
proesur s ineveased gradually in the noniuleeted centreoly wntdl day 9

when the earily prefnsculacion levelr werw agadn reavhed. By eontrart,

wd a deerocte 1n wean Mood pressure beginning

{nfeeted wonl eve |
on day 6 postinesulativa, Thin decreane in blowd pressure c@in:idvd
rouphly with deferveseonce in {nfeetud wonboyr,  Mean bload pressure of
infected monheye vas sipnifiesutly deevessed (P < 0.05) onrdnyﬁ

7 and 9 = 14 vhan cadparad to snontufeeted controln.  Howewer, critieal
hypotrusion (Lo Jees than 55 to &0 ten HR) wan vt seen dn any of the
fufectod mmboyn until the last weo or thvee dayn of 1o betore
duath.  There was oo sipndficant variation in heart rate between

e infeeted an’ nandufected tanhieyn unt il the terminal slage of the

335&.‘ ey
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illness when heart rate decreased dramatically in infected monkeys

vhich were in a moribund condition,

Hematologic deierminations. Thrombocytopenia occurred in each of

the cage-confined infected monkeys, Mean throwbocyte counts of the
infected group were significantly lower (P < 0.05) than these of the
noninfected group on days 5 - 21 po. inoculation (figure 2).

There war no significant variation in the mean PT in the infected
monkeys when compared to noninfocted controls during the study, 1In
coutraét, prolongation of the APTY in infected monkeys was dramatic
(figure 2), Onsct of prolenged APTT coinclded with defervescence at
day 7 postineculation. The APTT was significantly increased (P < 0.05)
in infected monkeys when compared to the noutnfceted controls on
days 7 - 21 (figure 20

Serum FS® were leteeted dn sin of the eipht infected woakeys fron
days 13 ta 21 pestivecelation (fipure ). The highest wean
conventration of FSP In the infectod geoup, 10,6 pe/ml serun,
eecurred ou day e postipeculation,  The levels of serum FSP in
infected woniays weve sipndflicantly diffevent (P < 0.03) on days
14 and 17, when compared e nendnfected contrela,

Mean gerum SDH levals dore elevated v infectod moakegs i can ly
ag day & pestineculation, and were slgnificantly greater (B« 0.058)
than thone of nonfnfected controts on days 7 « 21 (figure 1), The
Biphent tiean serum consentvation fn thoe Infeeted proup, 1,190 Sigmn
wnite/anl, war ehnovved on day 17 postineculat ton,

Setun albbmin concentratfons were significantiy lower (f - 0,05)
{0 fafected monkeve whes cospared Lo nonintorted controls on dayn 4 -

21 pontiveculation (Fipgare 1), Mean levels of seram atboualn (o

« ‘s Y
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infected monkeys decreascd almost 507 from preinoculation levels by
day 7 posfinoculution, and remained depressed throughout the illness.
Changes 1n serum albumin concentration coincided with increased serum
SDH_lcvels in the infected monkeys (figure 3).

Mean plasma fibrinogen coficentration increascd in the infected
monkeys beginning on day 7 postinoculation (table 1), and remained
elevated in five throughout the illness. The lovels were decreased in
the remaining three monkeys from days 19 - 21,

Mean packed cell volumes decreased progressively in infected
monkeys from day 3 postinoculation throughout the illmess. Packed
cell volumes vere decreascd by 40 - 45Z of the preinoculation values
In infeeted monkeys during the illness.  There were no sipnificant
changes in the serum clectrolyte (Na+, R+) concentrations in the
ifafected monkeys durdng the study,

Vire The grometyie mean virus

titers in sera of infested wonkeys were similar to thase previously
described for vhesus moukeys by Raetelle cv al. {18}, Four of six
chalr=restrained wonkeys beeame vivemic by day 5 pestinoculation,
and all of them were vivemle by doy 7. In couteast, four of
eipht cape=conffaed wmhay s weia vivewic by day b pgntiuocu\ﬂ(inu\
and 41l wore, by day )0, Vivemia vemained at hiph tevels throughouwt
the dUneny dn all dofected monkova, aad the majority develsped no
detectable gevun newtyalizing antibady to Machupe vivas prior to
death, Low level antibady titers of 1116 wore detected fu only two
menkeyn on day I pont fuoculatfon,

Patldonte tesfong, Tepleal grone patholopte leaionn ehserved

during nevrvopay of fnfeeted wonkeys fncluded pale yellow Tivers, skin

vy
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petechiae, and gingivél hemorrhages. The most common microscopice
lesions obs;rycd were hepatic necrosis and necrotic enterocolitis.

Less f{requent microscopic lesions included esophagitis, pharyngitis,
cystitis, adenitis, pulmonary and myocardial heworrhages and nonspecific
degencrative changes in vasculal endothelial cells. Fibrin thrombus
deposition was aetceted in only one infected animal, in the renal

)
glomerular capillaries,

Discussion

The experimental infection of M. mulatta with Hachupo vivus
produced a hemorvhapgic discase similar to that of BHF in humans,
although the wortality vate was higher than that normally occurring
in man (9}, The discase iu monkeys was also chavacterized by DIC
and hypotension,

Machupo vivus infeetien in chalv-rcstrained antmals coused
hypotenglon sinjsar vo that which has been reported in humans
with the disease {9). Decreases in mean blood pressure covielated
with hypothermis, as had been seen ip wan {9], Hypotension developed
gradu-11y and reazhed critfcal levels at the terminal stage of the
illness in each antwal,

The appeavance of nenmpeceifie degenerative chaapes in vanculay
endothelium durivg the acute phane of the disease in consistent with
pravioun obasrvationn of orthers [16].  Rldy et al, [14] veported
widvspread vancul ftin durfng the later, ancephalitfe phase of Machupn
virug fnfeetion fu Moomndsoras The nonnpeetfic changes soan in the
acule plaase ape probably the forevumner of the vazesd it in veported n

the envephaiitle phane, and thin fnjury could lave fndueed Hapgemnn

esBuRies . . ol -
- L SN . . . .
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factor (factor X1I) activation. It has been suggested that viral
infcctions'can initiate DIC through the intrinsic blood coagulation
pathway Ey endothelial injury which induces Hageman factor activation
[4,6]. The pathogenesis of the hypotension that occurred in infected M.
mulatta may also have been duc to Hapeman factor activation. Once
activated, Hageman factor catalyzes the in vivo conversion of Lhe
inactive plasma enzyme kallikreinogen into its active form, kallikrein
{24]. Kallikrein then cleaves plasma kininogen, producing the potent
vasodilator, bradykinin, which, in turn, causes hypotension [4,24].

The finding of thrombocytopenia, prolonged APTT, and elevated
serum FSI in six of the eight cage-confined infected monkeys was used
for a diagnosis of DIC in these animals. Although the thrombocytopenia
and prolonged APIT were siganilicont in  the remaining two monkeys, the
results of the assays for serum FSP were inconclusive for a diapnosis
of DIC,

Throwboeytapenia is the wost consistent clinical abnormality
found In human patjeats with BIC, regardless of the underlying
digease precipitating the disorder (1,51 Similavly, it was observed
in all etght of the infected moukeys.  Iu throwboeytopenia, red
blood cells may be lost through blood vessel walla and subsequent ly
onter the lymphatic systen wnd appear finally as petechlae or
eechymozes of the skin {6].  Thin was commeuly seen in the foram
of skin patechiaw fa the fnfcatied monkeys in this study.

fhe oxact couse of thromboeytopenia in infected mnkeye wag
wot duterained, 1t may have been the vesults of depletfon of
throshocytes by durravancular coapalat fon, deervaned production of

ghrumhurytum due to vival=induced bone mavrow depremion, or both {6].
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The severc prolongation of the APTT, which occurred in all
elght of the infected monkeys, was indicative of a critical abnormality
in the intrinsic coagulation pathway [6]. The APTT is espcciallyv
sensitive to deficiencies of clotting factors V and VIII through
XI11; a deficiency of any onc of these factors could result in
prolonged APTT [6]7

The extrinsic coagulation pathway was also comsidered, but did
not scem to be involved in the pathogenesis of the coagulopathy in
infected monkeys. Prolongation of the PT, which is indicative of
an abnormality in the extrinsic coagulation pathway, was slight in
infected monkeys and at no time was it determined to be clinically

abnormal. Although the PT is less sensitive to clotting factor
deficiencies than APTT [4], we concluded that the extrinsic coapulation
system was not involved In the pathogene-.is of the cougulopathy
in the infected monkeys. ‘
Although thore was a critleal deficdency in the intrinsic
system in the infected monkeys, as Indicated by the p.olongation
of the APTT, the aceuvvenc? of serum FSP.in uix of thom substantiated
a diagnosis of DIC, The relnese of excens FSP dnta rhe circulation
as a rvesult of enhanced fibrinolysis may exacerbate the hemerrhaple
diathesis aswociated withh DIC by inhibiting thromboeyte fnﬁctinns
(adhesbem and aggregation to subendothelial cunnective tiasue) and
fibrin monomsy polymevization (61,
The concentyation of {ibrinogen in plaswa of human patients with
DIC may remsin normal or become aliphtly elevated, due to an
aquil fbrium between the vate of deagradatton of fibrin and the ayntheais

of fibrinopen [4,5], 10 han heen veported that cvhe yelease of PSP

Lt < . - . ..
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into the blood may signal the release of stored fibrinogen from the
liver [25]. These phenomena are consistent with the elevation in
plasma fibrinogen concentration in the virus-infected mgnkeys which was
accompanied by the appearance of FSP in the blood.

AHepatocellular necrosis ogcurrcd in infected monkeys as early
as day 4 postinoculation and became increasingly severe as the
disease progressed, indicated by the progrgssive elevation in serum
SPII concentrations. The elevated serum SDH concentrations correclated
with hypoalbuminemia and prolongation of the APTT, This prolongation
may have becn due to deficiencies of blood coagulation factors I or V,
which ave synthesized by the liver, or II, IX, or X, all of which
require vitamin K for synthesis by the liver [4]. The hypoalbuminemiz
was probably due to decreased liver synthesis because of severe
hepatoccllular necrosis, and may have caused or exacerbated the sysiemic
arterial hypotension in infected wonkeys by vesulting Jn a decrease
in the collold vsmotic pressure of plasma {206,27).

Packed ceil volumes in the cape-confined intected monhoys may
be affected by such factors as dehydration, red blood cell size, and the
method of asray, A decreage du pacicd coll volume is difficult to
axplzin in this study, as there was little evidence of howmolynis in
acrun sanplee and the bloeding cendencies aoted elinieally wore not
gevere,  Precise measuremsnts of the state of hydration {n the antmals
wore not dene; howvever, the infected animals did show alinical sipns of
dehydration such as deeveaned gkin olanticity and sunken orbius,
fhevefore, docreanad packed coll volumes occurved ot o time vhen we

expectod the reverae to oeewr,
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Jests for occult fecal blood were positive in only two infected
monkeys during the terminal stage of the illness. Thus, it would
appear that, as in humans, gastrointestinal bleeding does wvot play
a significant role in the pathogenesis of the discase in monkeys.

More consistent signs of bleeding were cpistaxis, skin petechiae, and
gingival hemorrhage,

Although the deposition of fibrin thrombl occurs during DIC, the
severity of this Cinding is extremely variable [4,5]. Tt 1s more
difficult to detect when DIC iIs of relatively short duration or when
active fibrinolysis occurs, Detection of fibrin thrombl is further
dependent on the fortuitous seleetion of appropriate tissue scctions,
Fibrin thrombus deposition was detected by mlcroscopic examination of
tissues in only one infected monkey in this study, but the presence of
fibrin throwbi in the other infected monkeys is not precluded,

n conclusion, MG ir assocfmed with the pathogencuts of BUF in M,
mulatta.  The congulation abnormality appeaved to be in the iatrinsic
coagulat fon pathway, and was Indicated by the prolonpation of the APTT,
This prolongation could have been due CO‘ct(hov deereased hepatic
syntheeis of clotting [netors crnential to the proper functioning of the
inteinslc aystem or to actlvatlon of Hapuwan factor. The occurrveuce of
early and propresuive olovations of nerum SDU fn all of the infected
monkeys wan used an a wmeasure of hepatocellular damage, which could have
campromined the hepatle synthenin of clotting factors and othor plasma
protedus. The nystemte nveorial hypotension that oceurved in infected
monkeys may have been due to the combined elffecty of deereased hepatie
aynthoeatn of albumin with o concomttant docrease fn the collotd onmot fe
provnure of planma, aml activat fon of the hudn syatewn el aetfvatad

Hagowan Caetor,
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Figures
Figure 1. Mean rcctal body temperature and arterial blood pressure

in chair-restrained rhesus monkeys, measured before and after the sc

inoculatlion of 1,000 pfu of Machupo virus (n = 6) or saline (controls,
a = 3) on day 0. The onset and duration of viremia in virus-infected ;:

monkeys is Indicated by the shaded area. Numbers in parentheses

indicate the nuwber of surviving infected monkeys tested that day.
Standard errers of the mean are prescnted where values are

significantly differeat from those of controls (P < 0.05).

Figurce 2. Mean thrombocyte counts (top), activated partial
thromboplastin times (middle), and fibrin split products (bottem)

in cage-eonfired rhesus wonkeys, messured before and after the sc
jnoculation of 1,000 piu of Machupo virus (n = 8) or saline (contyols,

n o= 4) on day 0, Tor [lbrds split products, the numbers fu

pareatheses Irdicate Lhi number of inlected monheys with posftive vulues
on that duy. The onret and duration of vivewta in virus-infected
wonkeys is fudicated by the shaded arca,  Stendavd errvors of the means

are presexed wvhere values are signdTicantly aifferent fron those of

contrels (P < 0,05).

Figure 3, Hauh concentrations of serbitol) debydroseaase and

albumin In vera of cape~confined chesus wonteys, measured belors and
after the se inoculation of 1,000 plu of Machupa vivus (no= 8) or
galine {(controls, now 4) on day G, The uset and duration of
viremia fn vivuseinfected monkeys ts fodicated by the shaded area,
Standard errorr of Lthe means arve presented vhere the values ave

gipnificinuly diffevent fvow thoae ol contyals (P < 0.00),
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